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Abstract  A need  exists  for  an  internationally  agreed  underwater  explosive  charge  as 
a reference  standard  in  shock  wave  parameter  measurements. 

The  reference  explosive  selected  is  80.4  crystal  TNT  isostatically  pressed  to 
a density  of  1600  kg/m*  and  machined  into  1:1  right  circular  cylinders. 

The  performance  of  charges  in  wjights.from  J.6-kg  down  to  0.05  kg  in  examined 
and  the  shock  wove  parameters  Pm,  0/W*,  I/W*  and  tyW*  presented  in  graphical  form. 

The  results  are  discussed  and  a recommendation  given  that  the  standard 
charge  be  a 1:1  right  cylinder  0.45  kg  in  weight  centrally  initiated. 
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SUMMARY 

A need  exists  for  an  internationally  agreed  underwater 
explosive  charge  as  a reference  standard  in  shock  wave  para- 
meter measurements. 

The  reference  explosive  selected  is  80.4  crystal  TNT 
isostatically  pressed  to  a density  of  1600  kg/m3  and  machined 
into  1:1  right  circular  cylinders. 

The  performance  of  charges  in  weights  from  3*6  kg  down 
to  0.05  kg  is  examined  and  the  shock  wave  parameters  P , 

0/T  , I/W  and  E/W3  presented  in  graphical  form. 

The  results  are  disoussed  and  a reconmendation  given 
that  the  standard  charge  be  a 1:1  right  cylinder  0.45  kg  in 
weight  centrally  initiated. 
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INTRO  Dl  CriON 


In  the  field  of  assessment  o’  underwater  explosives  it  has  been  apparent 
for  some  time  now  that  there  in  an  urgent  need  for  an  agreed,  close  tolerance, 
explosive  charge  which  can  be  used  as  a standard.  There  is,  for  example,  the 
problem  ol  comparison  of  post  and  present  UK  and  US  underwater  explosives  when 
not  only  do  dilierent  establishments  obtain  considerable  differences  in  free 
field  measurements  on  u given  explosive,  but  a given  establishment  al3o  find3 
that  its  own  absolute  values  of  the  shock  wave  parameters  appear  to  vary  over  a 
period  of  time.  A standard  charge  would  not  only  be  invaluable  for  inter- 
laboratory  comparisons  but  would  also  be  useful  as  an  instrumentation  check. 

This  matter  was  discussed  by  representatives  of  NOL,  NSRDC,  A.VR&,  NCRE  and 
KKDJ£  at  a TTCP  meeting  held  in  London,  6 to  10  Vay  1968,  and  was  agreed  upon  as 
an  item  for  collaboration  between  the  UK  and  US. 

It  was  further  agreed  that  a reference  explosive  should  be  a single 
chemical  compound,  readily  available  and  easily  fabricated  into  charges,  with 
adequate  pick-up  sensitivity  and  handling  properties.  Various  possibilities 
were  discussed  but  it  was  decided  initially  to  examine  the  properties  and 
performance  of  pressed  TNT  in  cylindrical  charges  of  various  densities,  oovering 
the  weight  range  of  0. 1 kg  u(  to  1&0  kg  and  having  minimal  boostering  systems. 
Some  doubts  existed  as  to  whether  pressed  TiJT  has  sufficient  sensitiveness, 
also  concerning  the  limits  o i charge  sire  which  can  be  made  in  a reproducible 
manner  and  give  a reproducible  output.  However,  it  is  probable  that  most  of 
these  doubts  were  based  on  experience  with  oast  TNT  and  no  major  difficulties 
could  be  foreseen,  even  i or  cnarges  less  than  0.1  kg  in  weight,  using  cold 
pressed  TNT  ol'  uniform  density. 

This  report,  lart  1,  is  concerned  with  the  effect  on  the  underwater  shock 
parameters  of  charge  size  (scaling)  and  with  a comparison  of  end-initiated  and 
centre-initiated  cylindrical  charges;  the  charge  density  throughout  is 
1990  kg/m3. 

A second  report,  Part  2,  will  be  concerned  with  the  effect  of  variation 
ol'  charge  density  on  the  parameters  for  O.L-9  Jig  end-initiated  cylindrical 
charges. 
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CHARGE  DiSoCRII  i'TON 


2.1  Material 

The  material  used  in  charge  manufacture  was  80.4  TNT  crystal.  A complete 
specification  is  included  in  Appendix  A. 

2.2  Configuration 

Ch  irac  weights,  shape  and  initiation  points  are  given  in  the  following 
table: 


‘/eight, 

kg 

Shape 

Nominal 

Dimensions, 

cm 

Initiation 

Poi  nt 

No  of  charges 
fired 

12.25 

(2/  lb) 

Cylinder 

22  x 22 

End 

5 

5.6 

(8  lb) 

Cylinder 

14.5  x 14.5 

Centre 

4 

End 

4 

0.45 

(1  lb) 

Cylinder 

7.4  x 7.4 

Centre 

9 

’ind 

4 

0.45 

(1  lb) 

Sphere 

8.1  x 8.1 

Centre 

8 

0.1 1 

(i  lb) 

Cylinder 

4.6  x 4*6 

Centre 

8 

End 

4 

0.05 

U lb) 

Cylinder 

3.5  x 3.3 

Centre 

9 

End 

9 

Total 

6if 

Apart  from  the  spheres  all  charges  were  right  cylinders  of  length  equal  to 
the  diameter. 

The  question  of  boostering  was  discussed  by  representatives  of  NOL,  NCRE, 
AWRE  and  SRDK  at  a meeting  held  at  NCRE  on  1 5>  September  1969  and  it  was  agreed 
that  initiation  should  be  minimal  and,  if  possible,  confined  to  detonator  alone. 
However  subsequent  experience  showed  that,  pick-up  sensitivity  from  detonator 
aLone  was  marginal,  particularly  in  the  end-on  mode  of  charge  initiation,  and 
to  obviate  any  possibility  of  misfires  minimal  boostering  by  tetxyl  pellets  was 
employed.  The  exact  number  and  configurations  is  shown  in  Figures  1 and  2.  The 
detonator  used  was  the  standard  lew  tension  No  8 Briska  manufactured  by  ICI  Ltd 
(0.7  g tetryl  charge). 
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The  ircti'ctive  dines  shewn  are  cut  from  a soft  fibre-board  known 
commercially  as  Tentest  and  serve  to  j rotect  the  edges  01  the  charge  from 
t o.  rible  damage,  huving  no  detectable  effect  on  the  measurements  retorted. 

<•’.  i * anuf ncture 

All  ti.e  TNT  charges  were  made  at  110 K Burghfield,  starting  from  the  HO. A 
crystal  Tf.T  raw  material.  This  was  pressed  inostatically  in  a 60  cm  press 
into  cylindrical  billets  of  approximate  dimensions  22  cm  x 22  cm,  or,  for  the 
larger  charres,  %'■  cm  > jO  cm.  Ail  charres  were  jressed  at  room  temperature 
and,  lor  tie  three  main  densities  examined,  the  ;ro33ing  conditions  were  as 
r i veil. 


Density, 

— 

Pressure , 

Duration, 

kg/m3 

KN/m2 

min 

1 600 

140 

20 

1560 

70 

15 

1520 

42 

15 

The  billets  were  then  sectioned  and  machined  into  cylinders  or  spheres  by 
conventional  techniques.  Dimensional  tolerances  were  better  than  1 per  cent; 
the  charres  were  free  from  major  defects  and  had  a turned  finish. 

Char re  densities  i overall)  were  specified  to  within  ± 20  kg/m3 . Cylinders 
were  tested  for  uniformity  of  density  by  sectioning  into  21*  cubes  and  measurinr 
the  densities  of  the  cubes.  The  homogeneity  was  found  to  be  very  good,  the 
maximum  deviation  within  the  cylinders  being  not  greater  than  ± 0.4  per  cent. 

j SENdlTIVKNESJ  AND  HANDLING  PROPERTIES 

The  irostatically  pressed  TNT  at  various  densities  was  tested  for  shock 
sensitiveness  ^tho  ERDE  Scale  VI  Gap  Test),  drop  sensitiveness  (the  MVRc.  Oblique 
Impact  Test)  and  compressive  strength.  Results  for  the  gap  test  and  the 
compressive  strength  are  summarised  in  Figure  } and  compared  with  results  for 
end-pressed  flake  TNT;  end-pressed  Atlas  crystal  TNT  and  cast  Composition  B. 

It  is  interesting  to  note  that  the  shock  sensitiveness  of  isostatically 
pressed  TNT  is  com;  arable  wi  th  that  of  cast  Composition  B,  but  is  somewhat 
lower  than  that  of  end-prossed  flake  or  crystal  TNT  and  less  dependent  on 
density,  [ rcsumably  because  of  its  greater  uniformity  of  density. 

The  compressive  strength  of  pressed  TNT  charges  is  adequate  at  the  higher 
densities  and  no  fragility  | roblems  have  been  encountered  in  handling  bare 
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char-es  of  U'  to  1 * * . : t>  kg  in  t.he  density  range  151*  to  I < 00  key  ns  . 

ensi  tivencs:-  to  drop  pi  nr  on  a hard  surface  is  low,  as  shown  by  the  com- 
pletely negative  results,  on  the  oblique  i mi  act  teat.  kp  chirpes  of  iso- 

3tntic:Uly  ; reused  * ^density  159*>  kg/ir.  ' in  JABKOC  vehicles  were  ;ro; ped  on 
to  a standard  sand  ..raldite/steel  surface  from  tne  n.aximun  height  ol‘  the  test 
machine  l<  m).  At  a-.)0  impact  anrir  the  chorees  were  cracked  and  luirs.  a broker, 
off,  whilst  at  7b'  * :>  the  normal  ther>  wore  radial  cracks  and  some  aorasior, 

but  in  neither  case  .vss.  there  any  ignition. 

u mircc  aid  Conk  :;iitATior: 

die  basic  firing  rir  shown  in  r'igure  /*.,  is,  ma  :<■  ui  >:  ntam  .rd  aluminium 
scaffold  tube  held  toretherwith  screw  typo  clamps  for  ease  of  maintenance  and 
modification.  This  in  turn  sun  ports  the  explosive  charge  and  gauges  via 
terylene  cording  i,  Figure  5)»  the  charge  axis  being  vortical  with  the  pauses 
lying  or  tiie  central  equatorial  plane.  The  whole  rir  is  suspended  from  a steel 
cable  catenary  and  can  be  winched  out  and  into  the  firing  pool. 

Eight  gauges  are  used  arranged  in  pairs  radiating  out  frorr.  the  charge  at 
set  stand  off  distances  (Figure  6).  Minimum  stand  off  is  dictated  by  the  need 
to  prevent  gauge  damage  and  maximum  stand  off  by  the  physical  dimensions  of  the 
firing  rig  and  death  of  water. 

The  firing  pool  itself  is  approximately  A3  metres  in  diameter  w^th  a 
maximum  depth  of  5*8  metres.  This  allows  charges  of  up  to  12.2*?  kg  weight  to 
be  fired  consistent  with  the  requirement  for  a minimum  free  water  record  of 
6.7  b duration. 

A table  of  stand  o!f  distances  vs  charge  weight  is  given  below. 


Charge 
height,  (.V) 
kg 

Stand 

off  D 

1 i 

Reduced  Stand  off  D/W7 

Min 

Max 

Min 

Max 

m 

ft 

m 

ft 

m 

ft 

m 

ft 

0.0*> 

0.61 

2.0 

2.44 

8.0 

1.22 

4.0 

4*88 

16.0 

0.11 

0.92 

3.0 

4.58 

15.0 

1.46 

4.8 

7.35 

24.0 

mm 

0.92 

3.0 

4.58 

15.0 

3.0 

4.58 

15.0 

HH 

1.22 

4*0 

4.58 

15.0 

2.0 

2.29 

7.5 

1.89 

6.0 

6.10 

20.0 

0.61 

2.0 

2.04 

6.7 
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9.  1 .auges 

For  shock  wave  recording  tourmaline  pior.o-electric  pauses  are  employed  oi  a 
type  conn  nl.y  used  For  unlerwuter  pressure  measurements  (Figure  7)*  They  an*  oi 
four-disc  | tie  Form,  each  disc  6.2  mir.  (4  inch)  in  diameter,  i.ho  nominal  output 
l>ein,  U.  •>  pC/kNm-2.  Tiio  gauges  are  ol'  commercial  origin  (Crystal  Research  Tnc 
USA)  made  u|  and  sealed  to  u working  length  of  anti-microphoni c co-axial  cable. 

9.2  Calibration 

The  rauge."  are  calibrated  in  the  laboratory  by  the  "pressure  off"  technique. 

l’hr  gauge  is  sealed  in  an  tiydraulic  chamber  pressurised  to  6.9  MN/m2 
(1000  psi)  via  a dead  weight  press.  A mechanical  release  valve,  with  an  opera- 
ting time  oF  2 ms,  is  actuated  and  the  resulting  transient  fed  via  a charge 
arqlifier  to  a Tektronix  oscilloscope  and  camera.  By  comparing  the  amplitude 
of  this  transient  with  that  given  by  a known  test  electrical  charge  the  gauge  is 
calibrated. 

9. 5 Recording 

Cauge  signals  are  recorded  by  twin  channel  Tektronix  555  and  556  oscillo- 
scopes and  Polaroid  camerag  (Figure  tf).  Triggering  of  the  oscilloscopes  is  by  a 
closed  circuit  wire  loop,  leaped  to  the  charge  base.  The  fracture  of  this  on 
detonation  oj orates  a multi-channel  delay  unit,  which  in  turn  triggers  each 
oscilloscope  at  the  appropriate  time  for  each  gauge  (related  to  its  stand-off 
distance) . 

6 DATA  ANALYSIS 

6.1  Trace  Reading  and  Data  Processing 

At  present  all  pressure/time  data  are  in  Polaroid  print  form  and  as  such  are 
manually  digitized  using  a desk-type  trace  reader.  The  number  of  points  read 
varies  with  the  complexity  of  the  traoe  and  is  currently  between  100  and  150. 

The  output  of  the  series  of  x-y  values  is  in  the  form  of  paper  tape  which, 
together  with  data  and  program  tapes  i3  fed  into  an  Elliott  905  digital  computer. 
It  io  hoped  that  in  the  future  the  method  of  rending  and  format  of  computer 
analysis  v/ill  bo  standardized,  as  far  as  possible,  between  laboratories  in  the 
United  Kinrdom. 

At  1 resent  the  conq  uter  analysis  involves  the  following  procedure: 
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f-itico  tin-  gauges  mul  equipment  have  finite  time  res ponses  the  pressure  as 
.Mown  b the  | ri  asure- t ime  record  i,  somewhnt  lower  than  the  true  peak  pressure, 
i . l':.i  is  derived  by  computing  a beat  straight  line  through  log  (pressure) 

va  time  data  (b.,  tile  method  of  least  squares)  over  a range  of  a;  proximately  one 
time  constant  and  extrapolating  this  back  to  ;:<to  time.  The  d nensions  of  the 
/•  iu  e element  and  shock  wive  velocity  determine  the  initial  time  t = 0 which, 
lor  the  gauges  in  use  and  a shock  velocity  of  V/A  m/s  (9000  ft/s),  is 
ui  proximately  2 //a  iroiu  the  onset  of  the  pulse  on  to  the  leading  edge  of  the 
gauge. 

IVro  "time  constants"  are  computed,  the  negative  recii  rocal  slope  of  the 
above  best  straight  line  (d)  and  tiie  time  at  which  pressure  falls  to  P^/e  ( 0 ). 
KRDs's  practice  is  to  accept  as  the  practical  time  constant  for  comparison 
with  the  results  ol  other  laboratories. 

Impulse  I and  the  Work  Done  function  E are  computed  by  summing  values  of 
average  pressure  (or  pre  sure  squared  for  E)  multiplied  by  the  time  interval 
between  successive  data  points.  This  is  done  for  recording  times  up  to  both 

5 C and  6.7  £. 

6.2  Regression  Analysis  and  Confidence  Limits 

The  pressure  range  of  our  free  field  shock  measurements  is  from  1 kbar 
down  to  about  90  bar.  Over  this  ranre  it  is  found  that  straight  line  regres- 
sions 


y = ax  ♦ /5 

1 • /•  1 
n;ny  be  used  for  Y = logP.log  lAV7  and  iot.  E/y*  (E  = /pzdt)  against  x = log 

However,  for  log  0/S%  against  log  a quadratic  regression 

y = ax  + bxz  + c 

is  often  found  to  give  a better  fit  than  the  linear  regression. 

In  this  report  the  results  are  presented  in  the  form  of  a regression  line 
together  with  two  sets  of  associated  confidence  curves, 

a the  confidence  limit  curves  between  which  95  of  all  future  individual 
measurements  should  lie,  and 

b the  limit  curves  between  which  there  .is  95  confidence  that  future  sets 
of  measurements  1 regression  lines)  should  lie. 
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The  former  reflects  the  variance  of  the  experimental  point,  the  latter 
the  variance  of  the  mean  values  of  the  data. 


Essential  elements  of  the  statistical  analysis  used  are  given  in 
Appendix  B. 


7 RESULT!! 

Results  ure  presented (in  graphical  log/log  form.  These  indicate  regression 
analyses  for  P^,  1(6.7 0)A'»  E(6.7 0)At,  and  0/WT,  together  with  their  associa- 
ted 95  confidence  curves  (Section  6.2).  All  measurements  refer  to  a charge 
density  of  1590  kg/m3. 


Units  are  given  in  both  Metric  and  Imperial  form.  The  figures  adjacent 


to  the  iixos  are  in  the  following  dimensions: 


Lop  D/»’  Log  P Log  0/A  Log  1(6. 7) A’ 

i 

ft/lb'  lb  in  2 ;is/lb  lb  n /j s/lb^ 

The  outer  figures  are  in  metric  units  as  follows: 

i i i 

Log  D/.V’  Log  P Log  0/W7  Log  1(6. 7) AT 

l 1 1 

n/kg’  !.’  i”  ps/kgT  VN  pT2  ps/kgT 


Log  E(6.7)A:i 
(lb  in  2 2us/lb7 

Log  E(6.7)A7 
(Vh  m-  ’)2  psAgT 


7.1  Comparison  of  Centre-Initiated  Cylinder  with  Sphere 

Results  for  the  spherical  charges  (not  included  in  this  report  for  the  sake 
of  brevity)  show  that  (at  the  99  confidence  level)  for  O.45  kg  charges  of 
density  1590  kg/m  3 and  within  the  given  working  range  it  is  not  possible  to 
distinguish  between  the  free  field  shock  wave  from  a spherical-charge  and  that 
from  a centre-initiated  1:1  cylinder  (in  the  equatorial  plane).  There  was  no 
detectable  difference  in  the  scatter  of  results  for  the  two  types  of  charge. 


7.2  Comparison  of  Centre  and  End- Ini  tinted  Cylinders 

The  impulse  values  for  centre  and  end-initiated  0.45  kg  cylinders  (Figs  19 
and  35)  are  indistinguishable  within  the  working  range  considered  here.  However, 
close  in,  the  peak  pressures  for  centre-initiated  charges  appear  to  be  approx- 
imately 5-10  higher  than  for  end-initiated  charges  (Figs  11  and  27);  the  time 
constants  ure  correspondingly  smaller  (Figs  15  and  31  )•  These  differences 
diminish  as  the  stand  off  is  increased,  so  that  at  D A7  = 5*95  n/kg7  (15  ft/lb  ) 
they  are  down  to  less  than  4 for  peak  pressure  and  7 for  E(/p2dt)  (Figs  23 
and  39). 


The  scatter  on  results  for  end-initiated  charges  is  somewhat  greater  than 
for  centre-initiated  charges. 
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Similar  conclusions  can  be  drawn  for  j.6  kg  (figs  12,  16,  20,  24  and  28, 
52,  16,  40)  and  0,1  kg  (Figs  10,  14,  18,  22  and  26,  50,  34,  58)  charges,  using 
the  two  modes  of  initiation. 

in  contrast  the  results  for  0.06  kg  charges  (Pig3  9,  1 5,  17,  21  and  29, 
29,  35,  57)  present  a rather  confused  picture.  As  before  there  is  reasonable 
compatibility  between  the  impulse  lin^s  but  close  in  the  end-initiated 
cylinders  give  a 29  higher  output  than  centre-initiated  and  the  centre- 
initiated  apparently  give  up  to  90  higher  energy  flux  at  large  stand  off 
distances. 

These  results,  combined  with  the  high  degree  of  scatter,  are  almost 
certainly  due  to  the  difficulty  in  alignment  inherent  in  using  such  a small 
cnarge. 

7. 5 The  Effect  of  Charge  Size;  Centre-Initiated  Cylinders 

Again  it  wus  found  that  the  reduced  impulse  values  for  centre-initiated 
0.09  , 0.1,  0.49  and  3.6  kg  charges  were  indistinguishable  over  the  working 
ranpe  (Kigs  17  - 20). 

There  appears  to  be  some  evidence  that  close-in  to  the  charge  the  peak 
pressure  at  a given  reduced  stand-off  decreases  as  the  charge  size  increases 
(Fig3  9 - 12).  The  reasons  for  this  are  not  known  but  the  effect  diminishes 
an  the  reduced  stand-off  is  increased  (from  about  IQ v at  0.8  m/kp'  to  9 at 
9.99  m/kg  ).  With  the  compensatory  factor  of  0 the  overall  effect  of  charge 

' i 

size  on  reduced  E ( p^dt/.V1)  i3  not  significant. 

The  scatter  on  results  increases  very  significantly  as  the  charge  size  is 
reduced,  but  thin  in  les3  true  of  the  impulse  and  E values  than  for  pressure 
and  time  constant. 

7.4  The  Effect  of  Charge  Oize;  End-Initiated  Cylinders  (Fig3  29  - 40) 

Again  reduced  impulse  values  for  end-initiated  0.09,  0.1,  0.49  and  kg 
charges  were  in  close  agreement  over  the  working  range. 

From  the  results  obtained  for  peak  pressure  there  does  not  appear  to  be 
any  significant  trend.  The  kg  results  agree  quite  well  with  those  for 
0.49  kg  charges.  Clo3e-in  pressures  from  0.1  kg  charges  coincide  with  the 
results  for  0.49  kg  charges,  but  are  up  to  29  higher  further  out. 

The  worst  correlation  is  between  0.09  kg  and  0.49  kg  charges,  the  former 
being  at  least  29  higher. 
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To  comp  Lute  t.he  picture  Pour  I/.21 ; kg  charges  were  fired,  end-initiated, 
uid  the  results  agreed  closely  with  tliose  from  the  5.6  kg  charges.  The  curves 
are  not  reproduced  in  this  report. 

The  scatter  on  results  increases  as  the  charge  size  is  reduced  and  is 
significantly  greater  than  for  the  centre-initiated  charges. 

P CONCLUSIONS 

Kor  the  range  of  charges  and  reduced  stand  off  distances  covered  we 
conclude: 

a The  reduced  imrulse/stand  off  relationship  at  pears  to  be  the  same,  no 
matter  the  size,  shape  or  mode  of  initiation.  This  is  probably  our 
most  important  observation. 

b The  other  parameters  measured  (peak  pressure,  time  constant,  fi)  for 

the  cylindrical  charges  are  dependent  on  the  charge  size  and  initiation 
geometry  at  the  smaller  stand  off  distances.  These  effects  are  small 
for  centre-initiated  charges,  3ignifioantly  worse  for  end-initiated, 
but  in  the  former  case  diminish  at  the  larger  distances. 

It  was  not  possible  to  distinguish  between  the  parameters  for  0.45  kg 
centre-initiated  cylinders  and  0.45  kg  spheres. 

c The  reproducibility  of  the  results  for  the  0.45  kg  and  larger  charges 

is  good  (by  underwater  shock  data  standards),  indicating  the  reliability 
of  the  manufacture  and  output  of  pressed  TNT  charges  and  the  adequacy  of 
the  small  booster  systems  (less  than  1 per  cent  by  weight).  The  0.1  and 
0.05  kg  charges  shewed  a larger  scatter  in  their  data,  being  greatest 
for  the  end-initiated  charges,  although  the  means  values  agreed  well 
with  those  of  the  larger  charges. 

d The  consistency  of  the  data  from  centre-initiated  charges  is  better  than 
from  end-initiated  cylinders  and  the  experimental  scatter  is  less. 

e The  effect  of  charge  density  on  shook  parameters  is  small  but  ju3t 
detectable.  Concurrent  work  (Fart  2 of  this  report)  shows  that  the 
density  should  be  specified  to  within  1 per  cent. 

f Tilt*  sensitiveness  of  i sostatically  tressed  TNT  charges  is  adeauate  and 
roughly  constant  for  the  density  range  covered  (1500  - 1620  kg/m3);  it 
is  comparable  with  that  of  cast  Composition  B. 
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g The  mechanical  strength  ol'  bare  charges  in  the  above  density  range 
i3  satisfactory,  provided  the  precautions  described  are  taken  to 
prevent  damage  by  the  suspension  system.  . ith  central  initiation  of 
charges  there  is  less  of  a handling  problem  than  with  end-initiated 
sy3teni3. 

h The  isostatically  pressed  charges  nrf  easy  to  press  cold  in  a 

4 

reproducible  manner  and  to  machine.  They  have  very  uniform  density. 

9 RECOMMENDATIONS 

It  is  aj parent  from  the  conclusions  listed  in  lection  8 that  even  with  a 
homogeneous,  single  compound  ex) losive  charge  such  a3  isostatically  pressed  TNT 
there  are  several  factors  which  have  to  be  taken  into  account  if  such  a charge 
i3  to  be  used  as  a standard  for  underwater  work.  The  variations  in  output  with 
charge  sizes,  mode  of  initiation,  etc  we  have  reported  are  small  but,  we 
believe  real.  However,  we  find  it  difficult  to  visualise  any  standard  charge 
which  does  not  suffer  from  these  minor  defects  and  the  overall  reproducibility 
and  ease  of  manufacture  and  use  of  isostatically  pressed  TNT  leads  us  to 
recommend  its  adoption. 

Summarising,  we  recommend: 

a The  use  of  “0.4  crystal  TNT  (specification  attached),  cold  pressed  , 

isostatically  to  a uniform  density  ol'  1600  t 20  kg/m3.  (The  high 
density  is  specified  mainly  to  give  high  mechanical  strength.) 

b The  use  of  1:1  cylindrical  charges.  Initiated  centrally  (as  described), 
with  output  measured  in  the  equatorial  plane  through  the  centre  of 
the  charge.  Central  initiation  gives  better  reproducibility  and  the 
results  for  1:1  cylinders  are  indistinguishable  from  those  for 
spherical  charges. 

c Vinimal  boostering  (l  per  cent,  or  less),  avoiding  the  necessity  of 
correcting  output  data  for  the  effect  of  the  booster  charge. 

d The  use  of  light  charge  supports  with  protection  of  the  bare  charge 
against  the  supports  ias  described). 

e The  charges  should  be  0.49  kg  in  weight.  Ve  see  no  advantage  in  using  < 

larger  charges  and  if'  smaller  charges  are  used  then  a greater  number 
of  firings  would  be  required  because  of  the  increased  scatter  in  the 
output. 
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f I'/heri.1  [rc.iat'd  T 'T  charges  ol‘  other  than  the  recommended  weight,  mode 
of  initiation,  etc  are  uaod,  or  a different  rnrp-e  of  stand  oil' 
distances,  then  comparisons  of  data  are  be3t  performed  usin/r  the 
reduced  shoek  impulse  because  this  a i pears  to  be  insensitive  to  these 
v iri ations. 

Copyri  lit  JontroiLor  HffC,  London,  1^74 
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Ai  PKNDIX  A 

Draft  Specification 
TNT  for  Reference  Charge 3 
for  Underwater  Measurements 

1 SCOPE 

This  specification  covers  a pradc  oi'  TNT  suitable  for  the  production  of 
pressed  charges  1'or  use  us  reference  standards  in  underwater  assessment  work. 

Tho  material  consists  ol'  TNT  oi'  hiph  purity  prepared  ns  crystal  and 
maintained  in  that  form.  "Flake"  or  "crushed  flake"  will  not  be  acceptable. 

2 RELATED  DOCUMENTS 

u Keferenco  is  made  in  this  specification  to: 

British  Standard  RIO,  'Tost  sieves'. 

b Reference  in  this  specii'ication  to  a British  Standard  undated,  means, 
in  any  tender  or  contract,  the  editi >n  current  at  the  date  of  such 
tender  or  contract. 

3 DESCRIPTION 

The  TNT  shall  consist  essentially  of  alpha-trinitrotoluene.  It  shall  be 
produced  only  by  the  direct  nitration  oi'  toluene,  and  shall  not  contain  any 
material  derived  from  the  recovery  and/or  purification  of  TNT  previously  used 
in  munitions. 

A INFORMATION  TO  BE  .iUHLIED  BY  THE  i URCHASKR 

The  purchaser  shall  state  clearly  in  his  order  that  the  material  is  to 
comply  with  this  specification. 

5 METHOD  OF  MANUFACTURE 

The  TOT  shall  be  produced  by  a process  which  has  received  authoritative 
approval.  The  Inspection  Authority  shall  be  informed  regarding  the  process 
used  and  3hall  be  riven  prior  notification  of  any  proposed  change  therefrom. 

6 TESTING 

a Samples  taken  from  any  portion  of  the  supply  shall  be  free  from 
rritty  particles,  visible  impurities  and  foreign  matter  and  shall 
comply  with  the  following  test  limits: 


16 


Ai’l  2ND1X  A 


LIMIT 
TNT  HO. A 

flO.A  min 
HO. 9 mix 
O.OOj  max 

0. 1 0 max 
0.03  max 


0.03  max 
Nil 

Nil 

Not  darker  than 
Colour  dtandard  No  . 
Not  appreciable 
0.001  max 

♦ 

Particular:;  of  the  BS  sieve  referred  *.0  in  this  eluuse  will  be  found  in 
US  AH),  Table  1. 

^Colour  Standard  No  2 will  be  prepared  by  the  method  described  in  the  Aj pendix. 

The  whole  of  the  material  shall  be  capable  of  passing  a No  2lj  BS  sieve  ana 
not  loss  than  20  per  cent  shall  be  capable  of  passing  a No  rj2  Bd  sieve.* 

7 SAfaTV  01  HitATIONd 

Nothin/-  in  this  specification  shall  relieve  the  contractor  of  his 
responsibility  for  the  safety  of  his  operations. 

H FACKAGJNC 

The  TNT  shall  be  packed  in  sound,  clean  bags  of  an  approved  type, 
containing  an  approved  quantity,  and  each  bag  shall  be  enclosed  within  a sound, 
clean  container  of  approved  pattern. 

The  packuges  constituting  a consignment  shall  each  be  legible  marked  with 
tne  full  description  of  the  contents,  including  quality  and  physical  font.  The 
markings  3hali  include  also  the  contract  or  extract  number,  a distinctive  lot 
number,  a consecutive  package  number,  the  tare  and  not  weight,  the  date  of 
supply  arid  the  manufacturer' s initials  or  recognised  trade  mark. 


TiiiST 

o 

lotting  point  C 

Acidity  as  H?.1C>4  par  cent 

Vacuum  stability  nil  of  gas 

^applicable  only  to  supplies  containing  recovered  TNT) 

Moisture  per  cent 

Sulphated  ash per  cent 

Organic  matter  insoluble  in  toluene: 

i Total  matter  insoluble  in  toluene  minus  the 

sulj  hated  ash  per  cent 

ii  Critty  particles  retained  on  No  t/0  Bd  3ieve* 
Molting  test: 

i dcun,  suspended  matter  and  deposit  

ii  Colour  of  freshly  melted  material  

iii  Darkening  on  heatinr  for  ? hours  

Total  sodium,  calculated  as  Na per  cent 
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Reproduced  Irom 
best  available  copy. 


Ai  l -:;dix  a 


iU!  i -M : t . ir,  ini'  til  l aj  so  th>*  5 lint  for 

1 1 , w t . n a uniity  and  to  the  ; iti  1 action  ol’ 

tl  I no;  t*c‘  i*  1 _ . 

The  1 nc  I union  of  any  i oroj.ru  mat  tor  or  im|  urities  in  any  of  the  packages 
will  render  the  whole  con.-  imminent  liable  to  rejection. 

V INoi  KCTION 

Samples  ol  the  TNT  and  of  the  materials  used  in  its  manufacture  may  be 
taken  at  any  stare  of  manufacture.  For  this  purpose  the  authorised  represent- 
atives oi'  the  Inspection  Authority  shall  have  free  access,  subject  to  the 
Contractor's  safety  regulations,  to  all  parts  of  the  factory  in  which  the  TNT 
is  manufactured. 

After  manufacture,  the  TNT  and  the  packages  in  which  it  is  contained  will 
be  subject  to  inspection  by,  and  final  approval  of,  the  Inspection  Authority. 

If  on  examination,  any  sample  De  found  not  to  conform  to  this  specifi- 
cation, the  whole  consignment  may  be  rejected. 
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Al  1 rJNDIX  A 


Method  Cor  the  1 'reparation  of  Colour  Standards 


i Potassium  di chromate  solution. 

b Potassium  permanganate 

o lution. 

c ;oi  ;>cr  sulphate  solution. 


2 Colour  standards 

The  colour  standards  are  to  be  freshly 
use  if  cloudy. 

a Colour  Standard  Mo  1 

Potassium  dichromate  solution 
Co; [er  sulphate  solution 

b Colour  Standard  h'o  2 

Potassium  dichromate  solution 
Potassium  permanganate  solution 
Copper  sulphate  solution 

c Colour  Standard  No  j 

Potassium  diebromate  solution 
lotassium  permanganate  solution 
Copper  sulphate  solution 


Dissolve  80  g oi'  ‘analytical  reagent* 
ouality  potassium  dichromai  e in  water 
and  dilute  to  1 litre. 

Di.  solve  3»1b  R of  'analytical 
reagent'  quality  potassium  perman- 
ganate in  water  and  dilute  to  1 litre. 

Dissolve  200  g of  'analytical 
reagent'  quality  cupric  sulphate 
(Cu.S04.5HsO)  in  water  and  dilute  to 
1 litre. 

prepared  daily  and  filtered  before 


35 

ml 

15 

ml 

35 

ml 

1. 

25 

ml 

13. 

75 

ml 

32. 

5 

ml 

3. 

75 

ml 

13. 

75 

ml 
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APPENDIX  B 


HEtiitESSION  ANALYSIS  AND  CONFIDENCE  LIMITS 

1 Linear  Regressions 

If  the  n pairs  of  observations  (xi,  y< ) are  best  fitted  to  a straight 
line,  then  cutting 

) , = - x 

and  Vi  = yi  - y 

we  have  Y = aX  + p , 

where  « = jf ■ ^ and  fl  = E Y<  - aE  X* 

A'J  I 1 

The  confidence  limit  curves  (a)  and  (b)  are  given  by 

Y ± SY  = aX  + p, 

where  5Y  is 

(a)  for  Point  estimates, 

(5Y)2  = t2  s2  (1  ♦ ^ + (X  - x)2V(n)) 

(b)  for  estimates  from  regression  line 

(SY)2  = t2  s2  (i  ♦ (X  - x)2V(cr)), 

where  t = Student's  t factor, 

s2  = (n  -'2)  ^ ” Y)Z»  for  (n  “ 2)  d*gre»s  of  freedom, 

V(a)  = variance  coefficient  of  a = — — 

E X,2 

2 Quadratic  Regressions 

If  the  quadratic,  Y = aX  ♦ bX2 

is  expressed  in  the  form  z = ax  + by, 


where 

z = 

Y - Y, 

x = 

X - X, 

y = 

X2  - F, 

then 

aA  = 

Ey2  Exz  - Exy  Eyz 

and 

bA  = 

Ex2  Eyz  - Exy  Exz 

where 

A = 

Ex2  Ey2  - (Exy)2 
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APPENDIX  B 


The  confidence  limit  curves  (a)  and  (b)  are  given  by 

Y ± 5Y  = aX  + bX2 

where  SY  is 

(a)  for  Point  estimate;-,. 


(8Y)2  = t2s2 


1 ♦-♦(*•  *)ZV(a)  ♦ 2(x  - x)(x2  - x‘2)co.v(a,b)  + (x2  - x2)2 


(b)  for  03timate3  from  the  regression  line, 

(5Y)Z  = as  for  (a),  without  the  first  term  in  the  bracket, 


where  3 = 


1 


(n  - 3) 

and  tile  variance  coefficients  are 

v(a)  = Y.y2/ A 

v(b)  = £x2/A 

co  v(a,  b)  = -Exy/A 


E(Yi  - aXi  - bXi2)2,  for  (n  - 3)  degrees  of  freedom, 
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